Western Aphrodite Terra, Venus, is characterized by a series of parallel linear structural discontinuities 2000-4000 km in length and 100-200 km wide, which strike at high angles to the general topographic trend of the Aphrodite Terra highlands. The broad characteristics of the cross-strike discontinuities (CSDs) are similar to both strike-slip fault zones and terrestrial oceanic fracture zones. In an effort to distinguish between these two hypotheses, topographic profiles were taken across Aphrodite Terra to test for bilateral symmetry of the type associated with thermal boundary layer topography at divergent plate boundaries on Earth. In addition to a broad bilateral symmetry at a range of angles across Aphrodite Terra, detailed bilateral symmetry is observed within domains between linear discontinuities in directions generally parallel to the strike of the discontinuities. In addition, within a domain the centers of symmetry of several profiles define a linear rise crest that is oriented normal to the bounding CSDs and terminates against them. Furthermore, linear rise crests are offset in a right-lateral sense along the CSDs between domains by 200-1200 km. If the discontinuities represent strike-slip movement, then retrodeformation of the axes of symmetry along the CSDs to form a straight line should form a broadly symmetrical topographic high. Instead, when the topography is retrodeformed, the edges of the highlands are characterized by distinctive misfits of topography at the edge of the rise where it intersects the CSDs.
INTRODUCTION
There are three main highland areas on Venus: Beta Regio, Ishtar Terra, and Aphrodite Terra Masursky et al., 1980] . Aphrodite Terra is the largest and least known of these areas, and preliminary interpretations suggest that it may be the site of extensive rifting [Schaber, 1982; McGill et al., 1982] . Recent analyses of Pioneer Venus altimetry data (about 100-km horizontal resolution), imaging radar data (about 20-km horizontal resolution), and Arecibo range-doppler topographic profiles (10 x 100 km horizontal and 100-to 150-m vertical resolution) across western Aphrodite Terra have further characterized the nature of structural elements and possible tectonic processes in the equatorial highlands of Venus.
Specifically, Crumpler et al. [1987] showed evidence for the presence of distinct regional linear discontinuities in topography and.radar backscatter that cut across the generally eastwest strike of the Aphrodite highlands ( Figure 1 ) and are referred to as cross-strike discontinuities (CSDs). These features are generally parallel, are up to 2000-4000 km in length and 100-200 km in width, and subdivide the terrain into large rectangular domains which appear to be offset in a right- Other discontinuities occur between those mapped in Figure  1 , but they are resolved in only one or two data sets and are thus not mapped. In general, the discontinuities are less distinct distally from Aphrodite, and disappear into the surrounding lowlands where multiple data set control is lost close to the highland boundaries. The length and linearities of the discontinuities imply that they are tectonic features and not a fortuitous alignment of volcanic or erosional topographic features. As such, vertical relief associated with the discontinuities probably represents vertical tectonic movements either with or without significant horizontal movement.
On the basis of the detailed characteristics of the crossstrike discontinuities, two potential origins were considered viable: (1) large-scale strike-slip faults or shear zones, or (2) analogs to oceanic fracture zone/transform faults on Earth. In either case, large-scale horizontal tectonic offset in the western Aphrodite highlands is strongly inferred, in addition to vertical offset. The purpose of this paper is to examine the topography of western Aphrodite Terra in detail to characterize further the general environment of the cross-strike discontinuities, in order to distinguish between the two proposed hypotheses for their origin, and to understand better the processes that are responsible for the origin and evolution of highland terrain on Venus.
Pioneer Venus digital altimetry data were used to compile topographic maps and profiles. Altimetry data were obtained at points along the spacecraft orbital ground track such that the size of the radar altimetric "footprint" was the smallest ( We have used the altimetry data to document the detailed nature of the topography in Aphrodite Terra, partic.ularly in relation to the cross-strike discontinuities and the domains they define, in order to distinguish between potential origins of these features related to strike-slip faulting or thermal boundary-related fracture zones. If the discontinuities are fracture zones related to thermal boundary layer topography, then several types of bilateral symmetry might 'be expected' (1) a very broad bilateral symmetry about th• rise crest that reflects the broad signature of the thermal bou•ndary layer and its decay (on the basis of the topographic characteristics of the Earth's ocean basins [Heirtzler, 1985] Altimetry profiles were constructed by plotting digital altimetry data along profiles parallel to CSDs. A representative set of profiles is shown in Figure 2 . Where the track passed between altimetry data points, the nearest point was used, the maximum distance of the data points from the profile track being not more than 100 km. First, a series of topographic profiles across western Aphrodite Terra are shown in Figure 2 (profiles A-N), which are oriented parallel to the major crossstrike discontinuities (Figure 1 ) outlined by Crumpler et al. [1987] . Two profiles are shown at angles to the cross-strike discontinuities (Figure 2 , profiles O and P). Several techniques were employed to detect and test for bilateral topographic symmetry. From a quantitative point of view, each profile was examined for bilateral symmetry at two scales (see the appendix for details). First, in order to test for broad bilateral symmetry the two sides of the complete profile were quantitatively compared for self-similarity, and a linear correlation coefficient was calculated. Second, to test for symmetry of smallerscale topographic elements, a simple polynomial curve was fitted by leas[ squares to both sides of each profile and was subtracted, leaving residual topography, which was then quantitatively compared and linear correlation coefficients calculated. Qualitative tests included two types of visual comparisons' (1) profile reversals and (2) shading of peaks. In the profile reversal technique, individual profiles are shown at the top, and at the bottom, the profile is reversed and centered on The general bilateral symmetry of western Aphrodite, its organized aspect, and its relationships to domains and crossstrike discontinuities are also apparent in map view. In Figure  6 a topographic map of Aphrodite is cut along the axes of symmetry of each domain as defined by multiple profiles in the above analysis and the southern half removed. A mirror image of the northern half of the topographic map (implying perfect bilateral symmetry) is attached to the bottom (south) to simulate the situation in which perfect bilateral symmetry would occur (Figure 6a) . The resulting predicted topography reproduces many of the large and small-scale elements of the observed topography (Figure 6b ). This further illustrates the existence of systematic bilateral symmetry parallel to the cross-strike discontinuities and along the axes of profile symmetry normal to the cross-strike discontinuities. This demonstrates that aspects of the topography up to 6000 km away can be reproduced once a symmetry line is established by profiles and implies that the nature of the topographic elements on both sides of the center of symmetry is related.
In summary, the general topography of western Aphrodite Terra is broadly bilaterally symmetrical at a range of angles Terrestrial strike-slip faults up to 200 km wide and several hundred to over 1000 km long are known (San Andreas, Great Glen, Anatolian, Alpine, etc.), and these faults offset topography and geologic structure over distances measured in many tens to hundreds of kilometers. If subsequent geologic activity has not modified the topography greatly, then restoration of the terrain along the faults to their position prior to slip (retrodeformation) should restore topographic elements to their prefaulting configuration such that coherent patterns should occur across boundaries. These topographic patterns may be any shape in planform or cross section. On Earth, erosion destroys landforms before displacements of more than a few hundred meters occur along most strike-slip faults, and reconstruction is often based on geologic mapping rather than on topographic data. On Venus, horizontal mass transport (erosion and sedimentation) is thought to be insignificant compared to terrestrial rates [Head et al., 1985; Iranov et al., 1986] . Topographic forms should remain intact over geologically significant time such that reconstruction of strike-slip movement can be done using topographic data.
Retrodeformation of western Aphrodite domains along the discontinuities (so that the axes of symmetry are aligned) results in a broad continuity (Figure 7) . However, the topographic details of the domains (ridges, troughs, edges of plateaus, slopes of flanks) clearly do not match well across the discontinuities. In addition, there are major changes in the types of topography (for example, from plateau to regionally sloping surface, abrupt elevation changes, etc.) along strike parallel to the rise which change at the cross-strike discontinuity boundary between domains. These factors, combined with the large amount of apparent strike-slip offset implied by the offset of the linear centers of bilateral symmetry (up to 1200 km), the consistently symmetrical nature of the topography parallel to the discontinuities at several scales, and the number and parallelism of the discontinuities themselves, all seem to argue against a hypothesis of simple strike-slip faulting.
Terrestrial oceanic fracture zones are characterized by 100 km to over 2000 km long, linear to arcuate zones less than 100 km wide and often separating broad elevations of ocean floor in a stepdown fashion [Garfunkel, 1986] and commonly occur as a series of parallel structures separated by tens to hundreds of kilometers [Sandwell, 1986] . Topographic features between fracture zones, such as rise crests and smaller linear ridges, are commonly oriented normal to, and terminate against, the fracture zone and are offset along the strike of the fracture zone. Topography in domains between fracture zones is bilaterally symmetric about the rise axis in a direction parallel to the fracture zone. Broad bilateral topographic symmetry exists at a wide range of angles across the oceanic rise because of the very broad nature of the thermal boundary layer signature. Topographic symmetry is related to the production of new crust and lithosphere at the rise crests and the evolution of the thermal boundary layer as seafloor spreading proceeds [Parsons and Sclater, 1977] . Variation in symmetry between domains is related to spreading center jumps [Mammerickx and Sandwell, 1986 ], different spreading rates, different absolute motions, and different amounts of extrusive activity [Brozena, 1986; Schouten and White, 1980] . Cross-strike discontinuities and associated domain topography in western Aphrodite Terra compare favorably to terrestrial oceanic fracture zones in terms of (1) characteristics of individual discontinuities, such as length, width, and topographic stepdowns, (2) patterns and distribution of discontinuities (abundance and parallelism), and (3) domain topography, including bilateral symmetry within domains in a direction parallel to discontinuities, the linear nature of this symmetry normal to discontinuities in many domains (linear rise crests), the lateral offset of axes of symmetry and offset of In order to test qualitatively for the bilateral symmetry of profiles, we undertook two procedures: (1) profile reversals and (2) shading of peaks. First, the individual topographic profiles were rotated 180 ø about their center of symmetry and aligned, as shown in Figure 2 , in a manner similar to that done for terrestrial oceanic magnetic anomalies [Vine, 1968] . Second, visual inspection of the profiles suggests that there are similar topographic symmetry elements at similar distances from the center of symmetry, and in the second half of Figure  2b we have shaded those peaks that exceed the standard error and appear to correlate in general morphology and distance from the center of symmetry.
In order to test quantitatively for bilateral symmetry, each profile was split along the rise crest and compared. A linear regression correlation coefficient was calculated for each profile (Table A1 ) and for those parallel to the cross-strike discontinuities, values ranged from 0.79 to 0.94, with the majority of the profiles being over 0.90. We examined the correlation of smaller-scale topographic variations in addition to the correlation for the broad-scale topography. In order to do this a simple polynomial curve was fitted by least squares to each side of the profiles and removed. A polynomial of the form X •/2 was chosen because of the potential similarity of Aphrodite Terra to rises associated with thermal boundary layer topography on Earth and because of the general form of the profiles (Figures 2 and 3) . The resulting residual topography and the resulting correlation coefficients after removal of the best fitting curves to the profiles are shown in Figure A1 and Table A1 
